During the third larval instar, the steroid moulting hormone ecdysone activates three temporally distinct puff sets on the D. melunogaster salivary gland polytene chromosome: the so-called intermoult, early and late puffs. Hormonal regulation of intermoult puffs is quite complex and, so far, largely not understood. In order to further investigate this aspect, we have analysed the effects of mutations in a key regulator of the ecdysone response at the onset of metamorphosis, the Broad-Complex (BR-C) locus, on the expression of genes mapping at the 3C intermoult puff. On the basis of an accurate examination of 3C intermoult gene activity in single, carefully staged, third instar larvae of wild-type and BR-C mutant strains, we were able to subdivide these genes into two groups. Each group is characterised by a different temporal expression profile, so that at the beginning of the wandering stage the transcription of the first group declines as group II transcription is induced. Interestingly, the BR-C locus appears to play a regulatory role in establishing this transcriptional switch. By using mutants of each of the three lethal complementation groups, we precisely defined the role of BR-C functions in this developmental transition and we show that this locus also plays an essential role in the early pre-metamorphic hormonal response.
Introduction
Changes in the titre of the steroid hormone 20-OH ecdysone act as molecular signals that regulate the appropriate timing of developmental processes in Drosophila melanogaster, as well as in other insects.
In Drosophila, pulses in the emolymph titre of ecdysone have been described throughout the entire lifecycle: in mid-embryogenesis, before each larval moult, along the third instar, immediately preceding the metamorphosis and during pupal development (Richards, 1981) . However, the large change in gene expression responsible for the morphogenetic processes elicited by ecdysone has been mainly studied during the third larval instar, when the ecdysone response is reflected by dramatic changes in the puffing patterns of the salivary gland polytene chromosomes. Three temporally distinct ecdysone-responsive sets of puffs have been described (for a review, see Ashbumer and Berendes, 1978) . The 'intermoult' puffs constitute the first set that is transcriptionally active during the third instar. The strong increase in ecdysone titre occurring before the metamorphosis is responsible for both the regression of this puff set and the direct induction of a small group of 'early' puffs, which in turn regress several hours later, simultaneously with the subsequent induction of the large set of the so-called 'late' puffs.
It is well known that members of the intermoult puff set contain the structural genes for the glue proteins, also called salivary gland secreted (Sgs) proteins (reviewed by Meyerowitz et al., 1987) , whose synthesis constitutes the main function of the D. melanogaster salivary glands immediately before pupariation. The activation of intermoult genes is thus among the first events that mark the onset of metamorphosis salivary glands, constituting the main salivary specific response to the moulting hormone.
in the gland-0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(94)00313-C Among the five intermoult puff regions so far defined at the molecular level, the 3C region is peculiar for its complex organisation. Six tightly clustered genes, named &s-l, Pig-l (Pre-intermoult gene-l), ng-I, ng-2, ng-3 and ng-4 (nested gene Z-4) have been mapped at the 3C region within a DNA segment only 11 kb long (Muskavitch and Hogness, 1980; Hofmann and Korge, 1987; Furia et al., 1990; . This tightly linked cluster extends across two introns of the memory gene dunce, a large gene of Drosophila whose organisation has proved to be remarkably complex (Chen et al., 1987; Qiu et al., 1991; Furia et al., 1992a) .
In addition to its high gene density, the 3C region is character&d by the fact that the harboured genes appear to be uncoordinately expressed, with the temporal expression profile of some of them uncorrelated with that of the puff. Only four members of the cluster, Sgs-4, ng-I, ng-2 and ng-3, are transcribed at a high level exclusively during the third larval instar (Muskavitch and Hogness, 1980; Furia et al., 1990; and thus belong to the 'intermoult' gene class. These four intermoult genes all show salivary gland-specific expression and have a putative signal peptide at the amino-terminal end of the respective ORFs, suggesting that they constitute a closely spaced family of genes which encode salivary gland-secreted proteins. However, this function has so far been clearly established only for Sgs-4, a wellcharacterised gene encoding a glue protein (Muskavitch and Hogness, 1980) . The genetic regulatory hierarchy governing the expression of this gene has also been elucidated. It is, in fact, well known that Sgs-4 induction depends on the activity of Broad-Complex (BR-C) (Crowley et al., 1984) , a complex ecdysone-induced locus mapping at the site of the 2B5 early puff (Belyaeva et al., 1981) .
Our group is interested in investigating the hormonal regulation of the ng-1, ng-2 and ng-3 genes recently identified within the 3C region (Furia et al., 1993) . For this purpose, a crucial point is to define the role of BR-C on the regulation of the ng-gene expression.
The BR-C locus is known to play a general regulatory role on the complex ecdysone response at the onset of the metamorphosis (Belyaeva et al., 1981; Karim et al., 1993) . The phenotype of l(l)nprl (non-pupariating-I) BR-C null mutants is in fact similar to that of ecdysonedeficient mutants: the larvae fail to pupariate. In addition, polytene chromosomes of these mutant larvae show large alterations in each of the three puff sets: the intermoult puffs fail to regress properly, the size of early puffs is significantly reduced and late puffs are not induced at all (Belyaeva et al., 1981) . The BR-C transcriptional pattern is complex, with several classes of transcripts detected throughout the third larval instar (Di Be110 et al., 1991) . These multiple transcripts encode for at least three different proteins sharing a common core exon but defined by unique pairs of CzHz zinc lingers.
From the genetic point of view, the locus is defined by at least three lethal complementation groups: rbp (reduced bristle number on the pa/pus), br (broad) and 1(1)2Bc, each complementing one another but failing to complement the nprl class (Belyaeva et al., 1980; Belyaeva et al., 1982; Kiss et al., 1988) . Each of these three complementation groups are required for the normal progress of the metamorphosis.
Consistent with its puffing phenotypes, BR-C has been shown to have a parallel role in the appropriate induction of some early and late genes (Guay and Guild, 1991; Karim et al., 1993) . In contrast, the effects of BR-C mutations on the expression of the intermoult puff regions are more intriguing and contradictory. In nprl null mutants, intermoult gene induction in mid-third instar larvae is, in fact, severely reduced (Crowley et al., 1984) , whereas the effect on the puffing is the opposite, since the intermoult puffs persist and their repression is delayed (Belyaeva et al., 1981) . Regarding the 3C intermoult puff region, the results reported in this paper might furnish new elements toward the comprehension of this contradictory aspect, by strongly correlating 3C puffing with ng-gene expression in both wild-type and BR-C mutant strains.
First, we precisely defined the 3C gene developmental expression pattern during the third larval instar, on the basis of the analysis of single, carefully-staged larvae. Given the rapidity of the hormonal response, mass collection of third instar larvae furnishes a heterogeneous population whose analysis has often obscured the fine details of the in vivo molecular response. As elegantly pointed out in a recent paper by Huet et al. (1993) , the analysis of single, well-staged larvae is necessary to obtain a clear picture of the hormonal response at the molecular level and to establish the exact timing of its subsequent phases.
This type of analysis led us to establish that the intermoult genes located in the 3C region can be distinguished, on the basis of their different temporal expression profiles, into two groups. Genes belonging to the first group, which includes ng-Z, ng-2 and ng-3, are actively transcribed from the beginning of the third instar while Sgs-4, the sole member of group II, is actively transcribed only subsequently, starting from the beginning of the wandering stage. At this stage, the transcription is switched from group I to group II and these two groups of genes are regulated by the BR-C locus in opposite ways. We show in fact that ng-I, ng-2 and ng-3 induction does not require any BR-C function, since these genes are found to be actively transcribed in nprl null mutants, in which Sgs-4 transcription is drastically reduced. Conversely, the ng-1, ng-2 and ng-3 gene repression, occurring at the early wandering stage, is dependent on BR-C functions, suggesting that this locus plays an active role tal stage in which all of them are expressed at high level. in the regulation of the transcriptional switch observed Studies on third instar larvae are difficult because of the between the two groups of 3C intermoult genes. By considerable developmental variability among inusing strains carrying mutations in each of the three BRdividuals, even when they are synchronised immediately C lethal complementation groups, we identified the rbp earlier, at the second to third larval instar moult. Beand the 1(1)2Bc functions as those involved in ng-gene cause of the rapidity of the hormonal response and the repression and discuss here the possible mechanisms acheterogeneity of the larval population, the analysis of incounting for the BR-C-mediated regulation of the 3C individual larvae or prepupae turns out to be indispenstermoult genes.
able to elucidate in detail the transcriptional response.
Results

Intermoult genes mapping at the 3C polytene region have distinct temporal patterns of transcription
Only four members of the 3C gene cluster, Sgs-4, ng-I, ng-2 and ng-3, are transcribed at a high level exclusively during the third larval instar and thus belong to the 'intermoult' gene class (Muskavitch and Hogness, 1980; Furia et al., 1993) . We have analysed in detail the temporal expression profile displayed by each of these genes along the third larval instar, the only developmenIn order to better identify the differences in the developmental expression profiles of the 3C intermoult genes, single animals of the wild-type Oregon-R strain were then collected at various intervals, starting from the early wandering stage to 2-h-old pupae and staged according to the criteria defined in the Experimental procedures section. Total RNA preparations obtained from each animal were then examined by Northern blot hybridisation to establish the level of the transcripts encoded by each of the 3C intermoult genes (Fig. 1) . Since all these genes are specifically transcribed at high level only within the salivary glands, the temporal patterns collected at six different developmental points, namely at 12, 9, 4 and I h before pupariation (-12, -9, -4, -I) , at the time of pupariation (0) and 2 h after pupariation (+2). The criteria followed for the staging of animals are described in Experimental procedures. Three animals, indicated as a-c, are shown for the -9, -4, -I and 0 time-points, while four animals (a-d) are shown for the most heterogeneous stage (-12) . Each lane contained total nucleic acids (8-14 pg) from a single animal and was analysed by hybridisation with Sgs-4, Pig-l, ng-Ung-2 and ng-3 probes, as well as with E74A/E74B and rp49 probes used as internal controls, respectively, of the developmental stage tested and of the amount of RNA transferred on the filter strip.
observed for whole larvae strictly reflect their expression in this single tissue. To obtain internally consistent results, single blots were stripped and hybridised with multiple probes, corresponding to the coding regions of Sgs-4, ng-1, ng-2 and ng-3. As previously described, ng-I and ng-2 are a pair of duplicated genes which are more than 95% homologous at the DNA sequence level (Furia et al., 1993) . Since these genes have identical developmental expression profiles and encode for mRNAs having similar lengths, the ng-Z/2 transcripts cannot be distinguished in Northern blot experiments. Hybridisation with a ng-l/2 common probe leads to the identification of only one band consisting of both ng-I and ng-2 mRNAs and is thus shown in a single strip. In addition to probes corresponding to the 3C intermoult genes, hybridisation was performed with the probe corresponding to the Pig-l gene, another member of the 3C gene cluster, so far poorly characterised. Pig-l also encodes a salivary gland-specific transcript but belongs to the pre-intermoult gene class, since it is transcribed throughout all the larval period (Hoffman and Korge, 1987; Chen et al., 1987) .
A probe corresponding to a common region of the ecdysone-induced E74A and E74B mRNAs, whose developmental expression profiles have been carefully examined along all the third instar (Karim and Thummel, 1991; Andres et al., 1993) , has been used as an internal control of the developmental points examined. As described by these authors, the E74B transcript is detected in early wandering larvae (-12 time-point), largely before the appearance of the E74A mRNA isoform, which in our experiments is first detected only at about 4 h before pupariation (-4 time point). Starting from this late wandering stage, a transcriptional switch from the E74B to the E74A mRNA isoform is rapidly established, with the E74A mRNA being essentially the predominant, if not the sole, E74 isoform detected at puparium formation (0 time-point).
Finally, a probe corresponding to the gene encoding for the Drosophila ribosomal protein rp49, which is constitutively transcribed at an essentially constant level throughout the life cycle (O'Connell and Rosbash, 1984) , was also used in order to check the amount of RNA loaded in each lane and its efficiency of transfer.
In order to establish the reproducibility of the assay, at least twenty single-animal blots for each stage examined were hybridised with multiple probes to get a clear picture of the heterogeneity compatible with the staging criteria we followed. Fig. 1 shows a selection of three single-animal blots for each developmental stage tested; the developmental time points were controlled by hybridisation to a E74 probe. For the earliest stage, corresponding to the early wandering larvae (-12 time point), the hybridisation of four single-animal blots is reported to better represent the larger developmental variability observed at this developmental point.
As shown in the Figure, Sgs-4 transcript is always detected at high level starting from the -9 time point, while -12 early wandering larvae display variability for both the presence and the amount of Sgs-4 mRNA. This suggests that the onset of Sgs-4 transcription might, on average, occur in the interval between the -12 and -9 time points. This result slightly contrasts with the data recently reported by Andres et al. (1993) , which place the onset of Sgs gene transcription at about -26 h ( &4-6 h) before pupariation. However, it should be noticed that the experiments reported by these authors are based on the analysis of mass-collected populations and follow criteria of staging different from those used in our experiments. That this discrepancy might be mainly due to the developmental heterogeneity present in mass-collected populations is also confirmed by the fact that Huet et al. (1993) , in a series of experiments based on single-animal analysis, estimate the timing in which high-level Sgs genes transcription is established at about lo-15 h before pupariation, in agreement with our results. As reported for other Sgs genes (Huet et al., 1993; Andres et al., 1993) , Sgs-4 transcription is repressed at puparium formation; Pig-Z transcription appears to decline in a less sharp way, since its level is progressively reduced from the -9 time point to be completely repressed at about 1 h before pupariation.
Interestingly, the single-animal blots depicted in Fig.  1 show that the ng-1, ng-2 and ng-3 developmental profiles are clearly not coordinated with that of Sgs-4. In fact, ng-1, ng-2 and ng-3 gene transcription starts from the beginning of third instar, largely preceding that of Sgs-4 (Furia et al., 1991; Furia et al., 1993) , and declines in the -12/-9 interval; this is exactly within the narrow developmental period in which high-level Sgs-4 transcription is induced.
Hence, intermoult genes mapping at the 3C region can be distinguished on the basis of their developmental profiles between two groups, with group I including those actively transcribed in the first two-thirds of the last larval instar (that is ng-I, ng-2 and ng-3) and group II, including only Sgs-4, induced at high level in the last third of this stage (see Fig. 2 ), simultaneously with the other members of the Sgs gene family dispersed in the genome.
Although it was apparent, even in mass-collection analysis, that the onset of ng-gene transcription preceded that of Sgs-4, only single-animal analysis has revealed the existence of a precise transcriptional switch between these two groups of intermoult genes. It is interesting to note that this switch immediately precedes that between the two E74 isoforms, which in our experiments is extremely sharp, given that we never detected the E74A isoform before the -4 time point. The interchange between E74B and E74A has been recently accurately timed and assigned to a defined Puffing Stage by Huet et al. (1993) . According to these authors, during PSI, the E74B isoform is predominant, while by PS2, the ratio of E74A to E74B is close to 1: 1 and increases to about 5:1 by PS3. On the basis of these observations, the expression of ng-1, ng-2 and ng-3 genes appears to be strictly restricted to the PSl stage, since they are always repressed before the E74A subform is induced (see Fig. 1 ). This finding suggests that the ng-gene repression might be related to the PSl/PS2 transition. This developmental transition has been suggested to be due to an increase in ecdysone titre able to activate a set of ecdysone-induced early gene promoters, including E74A, E75A, E75B and at least one BR-C promoter (Huet et al., 1993) .
Intermoult genes mapping at the 3C polytene region are differently regulated by the BR-C locus
In order to elucidate the genetic hierarchy regulating the expression of the ng-genes, we investigated the effects of BR-C null mutations on the level of accumulation of their transcripts. For this purpose, third instar larvae from the npr16 mutant stock were collected.
Hemizygous male larvae carrying the nprZ6 null mutation were distinguished, on the basis of their yellow phenotype, from their wild-type siblings carrying the Binsn X balancing chromosome (see Experimental procedures); mutant and Binsn wild-type male larvae were collected separately. In order to better investigate the effects of the npr16 amorphic mutation, the larvae were collected, after an accurate staging (see Experimental procedures), at two different developmental times; that is, at about 12 or 4 h before puparium formation (-12 and -4 points). These two larval time points, corresponding respectively to the early and late wandering stage, have been analysed recently as reference-points along the larval developmental period (Boyd et al., 1991; Karim and Thummel, 199 1; .
The total RNA extracted from pools of mutant or Binsn male whole larvae was then analysed by Northern blot hybridisation. The effects of the npr16 mutation on the transcription of the 3C intermoult genes are shown in Fig. 3 . As first reported by Crowley et al. (1984) , Sgs-4 induction is severely affected by the nprl BR-C null mutations. Only trace amounts of Sgs-4 mRNA are in fact detected in these mutant larvae, confirming that BR-C functions are required for high-level Sgs-4 expression. 3 . Effect of the /(l)npr16 null mutation on the expression of 3C genes. Total RNA was extracted from pooled male larvae hemizygous for the X chromosome carrying the I(l)npr16 mutation (nprf6) or for the Binsn X chromosome, at two developmental points, corresponding to the early (-12) or late (-4) wandering stage (see Experimental procedures). 10 cg of total RNA were loaded in each lane and analysed by Northern blot hybridisation with radioactive probes derived from the Sgs-4, Pig-l, ng-J/ng-2 and ng-3 coding regions. As in Fig. 1 , a probe derived from the E74A/E74B common regions was used as internal control of the developmental stage tested and a probe derived from the rp49 gene for internal control of RNA loading and transferring.
Conversely, the level of ng-Z, ng-2 and ng-3 transcripts in the early wandering stage is not reduced at all in this mutant background; surprisingly, the amount of these transcripts is even significantly increased in late wandering mutant larvae with respect to their wild-type controls, in which transcription of these genes is already repressed at this time. This finding clearly indicates that ng-I, ng-2 and ng-3 induction is not dependent on BR-C functions. On the contrary, the prolonged expression of ng-I, ng-2 and ng-3 genes in late wandering mutant larvae suggests that BR-C carries on a negative regulatory role in the transcription of these intermoult genes.
As shown in Fig. 3 , the accumulation of Pig-Z transcript at the -4 time point parallels that of ng-I, ng-2 and ng-3 mRNAs, suggesting also for this preintermoult gene the possibility of a BR-C mediated repression.
Notice that in nprl larvae, the level of E74A mRNA at the -4 time point is reduced, confirming the recent report of a submaximal E74A induction in this mutant background .
Effects caused by each of the three lethal BR-C complementation groups on the transcriptional switch occurring between the two groups of 3C intermoult genes
In order to better understand the differential regulatory role displayed by BR-C on the expression of the Sgs-4, ng-1, ng-2 and ng-3, we wanted to examine the effects of mutations in each of the three BR-C lethal complementation groups on the expression of these intermoult genes. Since the ng-I, ng-2 and ng-3lSgs-4 switch occurs within the -12/-4 developmental interval, we collected single animals at the early and late wandering stages, corresponding to these two time points, and also extended our analysis to the white pupae and the 2-4-6-h-old prepupae (+2, +4, +6 time points). Focusing on these later developmental stages was suggested by the previous observation that the npr16 BR-C null mutation causes an accumulation of ng-gene transcripts at the -4 time point (see Fig. 3 ). For each complementation group, at least eight animals were analysed at every developmental stage.
The 2Bc, out of the three complementation groups tested, showed the most dramatic effect on ng-genes repression. As depicted in Fig. 4 , in the 2Bc' mutants, the ng-J, ng-2 and ng-3 transcripts remain abundant in both late wandering larvae and white pupae. Hence, in this mutant background ng-gene expression is no longer restricted to the PSI stage but lasts at high level until pupariation, corresponding to the PSI 1 stage. Prolonged transcription is similarly shown not only for Sgs-4, as previously reported by Karim et al. (1993) , but also for Pig-l; both Sgs-4 and Pig-l mRNAs are in fact detected at high level until the mid-prepupal stages, indicating that the 2Bc' function exerts a general regulatory role on the repression of all members of the 3C gene cluster.
This alteration in the 3C genes transcriptional pattern correlates well with the puffing disturbance noticed in this mutant background by Zhimulev et al. (1982) . These authors described that, as a consequence of the delay in the intermoult puff regression and the submaximal induction of some early puffs, an unusual puff combination is detected on the chromosomes of 2Bc' 2Bcl Binsn Fig. 4 . Effect of the 1(1)2Ec' mutation on the expression of 3C genes. Single larvae hemizygous for the X chromosome carrying the 1//)2Bc' mutation (2Bc') or for the Einsn X chromosome were collected at six different developmental points, namely at 12 or 4 h before pupariation (-12, -4) . at the time of pupariation (0) and at 2.4 or 6 h after pupariation (+2, +4, +6). The criteria followed for the staging of animals are described in Experimental procedures. Each lane, containing total nucleic acids (8-14 pg) from a single animal, was analysed by hybridisation with Sgs-4, Pig-l, ng-Ung-2 and ng-3 probes, as well as with E74A/E74B and rp49 probes (see Fig. I ).
white-pupae, in which puffs characteristic of both early and middle third instar coexist, abnormally. The transcriptional pattern depicted in Fig. 4 clearly represents the molecular counterpart of the puffing disturbance described for 2Bc' mutants, with the transcription of ng-genes abnormally overlapping with that of E74A. Note that, as described by Karim et al. (1993) , the developmental profile of both E74 isoforms is altered by the 2Bc' mutation, with the E74A mRNA induced to lower levels in late wandering larvae and prepupae and E74B detected for many hours following pupariation, a developmental period when it is normally repressed.
Mutations of the rbp complementation group show similar effects on the expression of ng-1, ng-2 and ng-3 genes, since the relative transcripts are again detected up to pupariation. However, the effect of the rbp' mutation on the expression of ng-3 appears to be less severe (Fig. 5) .
Interestingly, while the 2Bc' function exerts a general regulatory role by repressing all members of the 3C gene cluster, the rbp5 mutation appears to specifically affect the ng-1, ng-2 and ng-3 repression. Karim et al. (1993) suggested that the rbp and 2Bc functions could be involved in intermoult gene induction in mid-third instar, on the basis of the fact that they were not able to detect the 71E intermoult geneVI1 transcript at the -12 time point in both mutants; however, normal levels of this transcript were detected in the same set of experiments at the end of this stage (-4 time point). Our experiments do not confirm this effect on the expression of Sgs-4, since the rbp' and 2Bc mutations do not seem to significantly affect the transcriptional pattern of this gene at any of the developmental points tested. Considering that the -12 time point corresponds to the onset of Sgs-4 transcription (see Fig. l ), the effect reported by these authors is likely to be due to the asynchrony shown by mass-collected populations instead of that to the genetic background examined.
Finally, the third complementation group tested, the br group, has no apparent effect on the 3C intermoult gene expression. As shown in Fig. 6 , the transcriptional . Effect of the rbp5 mutation on the expression of 3C genes. Single larvae hemizygous for the X chromosome carrying the rbp' mutation or for the Binsn X chromosome were collected at five different developmental points, namely at 12 or 4 h before pupariation (-12, -4) . at the time of pupariation (0) and at 2 or 4 h after pupariation (+2, +4). The criteria followed for the staging of animals are described in Experimental procedures. Each lane, containing total nucleic acids (S-14 ag) from a single animal, was analysed by hybridisation with Sgs-4. Pig-l, ng-l/ng-2 and ng-3 probes, as well as with E74A/E74B and rp49 probes (see Fig. 1 ).
pattern of each gene in brs animals is indistinguishable from that displayed by the sibling Binsn animals used as control.
Discussion
Intermoult puffs constitute the first set of ecdysoneresponsive puffs to be detected on salivary gland chromosomes of third instar larvae. This group of puffs is thought to be induced by a small rise in the ecdysone titre occurring at the beginning of this stage (Pongs, 1988) and repressed in response to the large increase in ecdysone concentration occurring a few hours before the metamorphosis (Ashburner et al., 1974) .
The majority of interrnoult genes so far identified is constituted by glue genes, all mapping at the intermoult puff loci and belonging to the Sgs gene family (reviewed by Meyerowitz et al., 1987) .
The experiments described in this paper identify the ng-I, ng-2 and ng-3 genes as a new group of intermoult genes with distinct properties with respect to those displayed by the well characterised Sgs genes.
The study of the regulation of ng-2, ng-2 and ng-3 expression produces results found to be distinct from those of Sgs-4 and all other intermoult genes so far characterised for at least two aspects. The first distinctive aspect is the developmental timing in which these genes are induced, since ng-1, ng-2 and ng-3 genes start to be transcribed at the beginning of the third instar and Sgs-4 later on, at the early wandering stage. While Sgs-4 induction timing corresponds to that reported for all other Sgs genes, as we11 as for the intermoult gene VII mapping at the 71E late puff region (Andres et al., 1993 ) the ng-I, ng-2 and ng-3 expression profile is found to be unique, being strictly limited to the PSI stage. Considering that ng-transcripts are abundant and easily detected in total RNA preparations, checking for the presence of the respective mRNAs could furnish an easy and quick way for staging early/mid-third instar RNA preparations.
Fig. 6. Effect of the br' mutation on the expression of 3C genes. Single larvae hemizygous for the X chromosome carrying the br' mutation or for the Binsn X chromosome were collected at five different developmental points, namely at 12 or 4 h before pupariation (-12, -4) . at the time of pupariation (0) and at 2 or 4 h after pupariation (+2, +4). The criteria followed for the staging of the animals are described in Experimental procedures. Each lane. containing total nucleic acids (8-14 pg) from a single animal. was analysed by hybridisation with Sgs-4. Pig-l, ng-l/ng-2 and ng-3 probes, as well as with E74A/E74B and rp49 probes (see Fig. I ).
A second, essential aspect differentiating ng-genes is the effect that BR-C null mutations exert on their expression. In fact, while the nprl null mutation strongly affects the level of Sgs-4 transcription, as well as that of all Sgs genes, ng-1, ng-2 and ng-3 represent, so far, the unique example of intermoult genes whose induction is not dependent on BR-C activity.
A further interesting aspect concerns ng-I, ng-2 and ng-3 repression, that occurs in early wandering larvae in close concomitance with Sgs-4 induction; simultaneous detection of ng and Sgs-4 transcripts in the same larva occurs only within a very short developmental interval. Hence, while the first group of 3C genes is suddenly repressed, Sgs genes are rapidly induced.
A small ecdysone peak has been inferred to occur immediately before wandering in Drosophila as well as in other holometabolous insects (for a review, see Andres et al., 1993) . In Manduca sexta, for example, this peak has been connected with a variety of developmental events, such as the cessation of the feeding of the growing larvae, the initiation of wandering and the commitment of pupal epidermis (Dominick and Truman, 1985) . It seems likely that in D. melanogaster this peak is responsible for the induction of the transcriptional switch described in this paper. This is suggested not only by its temporal concomitance with the switch, but also by previous data we have obtained with the temperaturesensitive mutant ecd' mutant strain, in which the ecdysone titre is strongly reduced at the non-permissive temperature. When the ecd' strain is grown at the nonpermissive temperature, the mutant larvae do not start wandering, probably as a consequence of the lack of the pre-wandering ecdysone peak (Garen et al., 1977; Berreur et al., 1984) . Shifting ecd' larvae at the nonpermissive temperature before the wandering stage leads to a strong reduction of the Sgs-4 transcript level; in contrast, when the shifts are made after the onset of Sgs-4 transcription, the level of Sgs-4 mRNA is not significantly affected and in this case the transcript is detected at a high level for a longer period as compared and salivary glands that contain plugs pupariate within 1 f 0.5 h. For later stages, animals were selected as white prepupae and then aged at 25°C in Petri dishes containing a piece of wet filter paper for the selected period (O-6 h).
Hernizygous BR-C mutant male larvae were distinguished from their Binsn siblings by the yellow phenotype of mouth hooks and denticle belts.
RNA isolation and Northern blot analysis
For total RNA isolation, animals were briefly homogenised in 1.5 ml eppendorf tubes containing 200 ~1 of extraction buffer (7 M Urea, 0.35 M NaCl, 10 mM Tris-HCl pH 7.5, 1 mM EDTA pH 7.5, 1% Sarkosyl). Proteins were extracted twice with phenol/chloroform/ isoamylalcohol (50:49:1) and once with chloroform/ isoamylalcohol (24: 1). Nucleic acids were ethanol precipitated and immediately used for electrophoresis.
For Northern analysis, the RNA was fractionated by formaldehyde-agarose gel electrophoresis, blotted and hybridised as previously described (Furia et al., 1992b) .
Sgs-4, Pig-l, ng-I, ng-2 and ng-3 transcripts were detected using as probes DNA fragments derived from the corresponding coding regions, as previously described (Furia et al., 1991 (Furia et al., , 1993 . In all experiments, filters were also hybridised to a probe corresponding to the gene encoding for the Drosophila ribosomal protein rp49, which is constitutively transcribed at an essentially constant level throughout the life cycle (O'Connell and Rosbash, 1984) . All the above mentioned probes were prepared by random hexamer labelling of gel-purified restriction fragment, whereas a probe corresponding to common sequences of the E74A and E74B mRNAs (generously furnished by C.S. Thummel) was labelled by asymmetric PCR, as described by Karim and Thummel (1992) .
